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We compute the deeply virtual Compton scattering (DVCS) amplitude for forward and backward scattering in
the asymptotic limit. We make use of the Regge calculus to resum important logarithmic contributions that are
beyond those included by the DGLAP evolution. We find a power-like behavior for the forward DVCS amplitude.
1. Deeply Virtual Compton Scattering
The deeply inelastic scattering (DIS) process,
γ∗P → γ∗P has provided a wealth of information
about the structure of the proton, or more specifi-
cally, the hadronic matrix element: 〈P |...|P 〉. Re-
cently, it was realized that one can actually inves-
tigate the non-diagonal hadronic matrix element
〈P ′|...|P 〉 via the Deeply Virtual Compton Scat-
tering (DVCS) process γ∗P → γP ′. This DVCS
process differs from the DIS process in that the
outgoing photon is on-shell, and hence the final
hadron P ′ must absorb a small amount of mo-
mentum ∆ to satisfy the kinematics.[ 1, 2, 3, 4, 5]
The net result of the DVCS analysis is to obtain
a generalized parton distribution function (PDF)
which depends on two scaling variables, {x1, x2},
cf., Fig.1. Various sum rules can be derived to
relate these DVCS distributions f(x1, x2) to the
usual PDF’s, f(x).[ 4]
2. Regge Analysis
We want to analyze this new DVCS sub-field us-
ing some older techniques, namely Regge theory,
to obtain analytic expressions for the scattering
amplitudes. The key idea that we will use from
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Figure 1. The kinematics of the DVCS process.
Regge analysis is that if we confine our kinemat-
ics to the strip regions of the Mandelstam diagram
(Fig.2), then the amplitude can accurately be de-
scribed by a simple pole structure. If we stray be-
yond these strip regions into the rest of the phys-
ical region, then we are too far from low-energy
crossed-channel poles to be dominated by them.
Therefore, we will limit our analysis to one of two
regions:
1) the Forward Region: s ∼ −u≫ −t, and
2) the Backward Region: s ∼ −t≫ −u,
with, of course s≫ Q2.
3. Infrared Evolution Equation: (IREE)
Since the higher order QCD corrections to the
DVCS process (Fig.1) do not violate the Born spin
structure, the general DVCS amplitude is: MF =
1
su t
u=0 t=
0
s=0
physical
region
Figure 2. The Mandelstam diagram showing the
strip regions (shaded) where the amplitude can be
accurately described by a simple pole structure.
MBornF φ[zs, zQ, zt], with:
zs = ln(s/µ
2) zt = ln(−t/µ
2)
zQ = ln(Q
2/µ2) zu = ln(−u/µ
2)
We differentiate w.r.t. µ to obtain the Infrared
Evolution Equation (IREE):
−µ2
∂MF
∂µ2
=
∂MF
∂zs
+
∂MF
∂zQ
+
∂MF
∂zt
Analysis of MF yields the solution:
MF = φ(zs − zt, zQ − zt) e
−
αsCF
4pi
z2t
4. Forward Region: s > Q2 > −t≫ µ2
We decompose MF into spin-dependent and
spin-independent terms, MF = NF +UF . We first
obtain the spin-dependent asymptotic behavior in
the Regge limit (large s) for the forward region
(t ≃ 0):
NF ≃
(
s
Q2
)a (
Q2
µ2
)a/2
e−
αs
4pi
ln2(−t/µ2)
with a ≃ 3.5[2αsN/(4pi]
1/2
In a similar manner, for the spin-independent
part, we obtain:
UF ≃
(
s
Q2
)1+∆P (Q2
µ2
)γP
e−
αsN
4pi
ln2(−t/µ2)
where ∆P is the Pomeron intercept, and γP is the
Pomeron anomalous dimension.
Consequently, we find the asymptotic forward
scattering amplitude takes the form of the Comp-
ton scattering amplitude times a Sudakov expo-
nential factor.
5. Backward Region: s > Q2 > −u≫ µ2
For the backward DVCS process (u ≃ 0), the
analysis is simpler because there is no difference
between asymptotic behavior of the polarized and
unpolarized amplitudeMB. We obtain at the final
expression:
MB =M
Born
B e
−
αs
4pi
CF ln
2(s/Q2)
The DVCS amplitude in the backward scattering
region is purely of the Sudakov type with an ex-
ponential factor.
6. Relation to DGLAP Analysis
Here we highlight some differences of this work
in comparison to the DGLAP analysis. For the
calculation of the spin-dependent amplitude NF
in the −t ∼ 0 limit, we define F via a Mellin
transform:
NF (zs, zQ) =
ı∞∫
−ı∞
dω
2piı
ezsω ξ(ω) F (ω, zQ)
The IREE for the spin-dependent part takes the
following form:(
∂
∂zQ
+ ω
)
F (ω, zQ) =
1
8pi2
F (ω, zQ)f0(ω)
where f0 is the Mellin amplitude for quark-quark
elastic scattering with all quarks on-shell. Putting
all the pieces together, we obtain for NF :
e2
g2CF
ı∞∫
−ı∞
dω
2piı
(
s
Q2
)ω
e−
αsCF
4pi
z2t
ω − f0/8pi2
(
Q2
µ2
) f0
8pi2
Note that if we expand f0 keeping the leading
powers of 1/ω, we arrive at the standard leading-
order DGLAP leading order expression for the
DVCS. The DGLAP incorporates both singular
and non-singular contributions from a finite num-
ber of terms. Here, we instead resum only the
singular contributions from an infinite number of
terms to double-log accuracy. While we neglect
the nonsingular terms, this does not affect the
asymptotic behavior.[ 6]
2
Figure 3. Total amplitude for the DVCS process.
7. Non-forward structure functions
Now that we have expressions for the asymp-
totic forward and backward amplitudes, MF and
MB, we can relate these quantities to the total
amplitude which, for t ≃ 0 is given by:
T µν =
gµν
⊥
2p · q′
T1 −
iεµνρη
p · q′
pρ q
′
η
p · q′
T2,
cf., Fig.3. Using the Sudakov representation for
the kinematic variables, we can easily evaluate T1
and T2 in the asymptotic limit, and then invert
these equations to obtain analytic expressions for
the non-forward structure functions Fq,q¯ζ (x) and
Gq,q¯ζ (x).
We find the following non-forward structure
functions:[ 7]
Fqζ (β) =
CF
8pi2
1
1−β
+ı∞∫
−ı∞
dω
2piıRS(ω)
1
ω×
[
θ
(
β − ζ2
)(
1−β
β
)ω
+ θ
(
ζ
2 − β
)(
1−β
ζ−β
)ω]
F q¯ζ (β) =
CF
8pi2
1
1+β−ζ
+ı∞∫
−ı∞
dω
2piıRU (ω)
1
ω×
[
θ
(
β − ζ2
)(
1+β−ζ
β
)ω
+ θ
(
ζ
2 − β
)(
1+β−ζ
ζ−β
)ω]
The correspondingGq,q¯ζ (β) structure functions are
expressed via analogous formulas. Here, RS,U
are the standard s- and u-channel Regge ampli-
tudes. The Regge limit implies the argument of
the Mellin transform is be asymptotically large,
which corresponds to the the region where ζ ≪ 1
and β ∼ ζ. Note that the pair of θ-functions yields
the full support in the variable β.
8. Conclusions
Deeply Virtual Compton Scattering (DVCS)
provides a means to expand our knowledge of the
hadron structure and extract information on new
quantities such as the non-diagonal hadronic ma-
trix element: 〈P ′|...|P 〉. Via the IREE, we have re-
summed singular terms in 1/ω to double logarith-
mic accuracy. While we have neglected the non-
singular terms (eg., as included in the DGLAP ap-
proach), these do not contribute in the asymptotic
region. This allows us to obtain expressions for the
structure functions in the forward and backward
regions in the Regge limit. As we have not used
the DGLAP evolution equations, which assume
the transverse momenta to be strictly ordered in
virtuality, we include important logarithmic con-
tributions which extend the realm of applicability.
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